Clinical studies suggest that stress-related biobehavioral factors can accelerate the progression of hematopoietic cancers such as acute lymphoblastic leukemia (ALL), but it is unclear whether such effects are causal or what biological pathways mediate such effects. Given the network of sympathetic nervous system (SNS) fibers that innervates the bone marrow to regulate normal (non-leukemic) hematopoietic progenitor cells, we tested the possibility that stress-induced SNS signaling might also affect ALL progression. In an orthotopic mouse model, Nalm-6 human pre-B ALL cells were transduced with the luciferase gene for longitudinal bioluminescent imaging and injected i.v. into male SCID mice for bone marrow engraftment. Two weeks of daily restraint stress significantly enhanced ALL tumor burden and dissemination in comparison to controls, and this effect was blocked by the b-adrenergic antagonist, propranolol. Although Nalm-6 ALL cells expressed mRNA for b1-and b3-adrenergic receptors, they showed no evidence of cAMP signaling in response to norepinephrine, and norepinephrine failed to enhance Nalm-6 proliferation in vitro. These results show that chronic stress can accelerate the progression of human pre-B ALL tumor load via a b-adrenergic signaling pathway that likely involves indirect regulation of ALL biology via alterations in the function of other host cell types such as immune cells or the bone marrow microenvironment.
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Introduction
Clinical and epidemiological studies have shown that stressrelated biobehavioral factors are associated with accelerated progression of several types of cancer, including solid epithelial tumors and hematopoietic tumors such as leukemia (Antoni et al., 2006; Chida et al., 2008) . Most experimental research on the biological mechanisms of such effects has been performed in the context of solid epithelial tumors (Armaiz-Pena et al., 2009; Thaker and Sood, 2008) , which involve different molecular pathways from those in hematopoietic cancers (Vogelstein and Kinzler, 2002) . Among the hematopoietic cancers that have been examined in experimental animal models, most studies have focused on leukemia and have found contradictory effects of stress on survival.
Early studies of stress effects on leukemia in animal models focused on infection with murine viruses that induced leukemic disease specific to the species. One study found a protective effect of chronic shock avoidance stress on the incidence and survival of Rauscher virus-induced leukemia (Jensen, 1968; Rasmussen, 1969) . Another study found that restraint stress delayed Friend virus-induced incidence of erythroleukemia but only in males (Gotoh et al., 1986) . In contrast, a more recent series of studies involving experimental injection of a leukemic rat NK cell line found that an acute period of forced swim stress or adrenaline injection at the time of leukemia cell injection increased subsequent mortality rates via a b-adrenergic receptor-dependent mechanism (Avraham et al., 2006; Ben-Eliyahu et al., 1999; Inbar et al., 2011) . The heterogeneity of results across separate reports may stem from differences in the leukemia model systems used (e.g., viral induction of leukemia or progression of already established NK leukemia), differences in the outcomes analyzed (e.g., tumor incidence or survival time), and/or the specific stress paradigms utilized (e.g., repeated shock, restraint, or acute swim stress).
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